Progressive multifocal leukoencephalopathy (PML) is a demyelinating disease of the CNS caused by the human polyomavirus JC (JCV); it is normally seen in
immunocompromised individuals. In the past 2 decades, the number of PML cases has increased dramatically as a result of HIV-induced immunosuppression. Clinically, PML is characterized by progressive neurologic deficits leading almost invariably to death a median of 4-6 months after diagnosis [1] .
The introduction of HAART has led to a striking reduction in AIDS-related morbidity and mortality [2, 3] . However, solid data about the effect of HAART on the incidence of AIDS-associated PML are lacking. Several small case series have shown that the use of HAART may be associated with prolonged survival in some patients [4] [5] [6] [7] , although the effect of HAART on the clinical status and radiological features of PML is still questioned [8, 9] . The objectives of our study were to analyze patient survival, the neurologic function of pa- tients, and the prognostic factors of PML in a large cohort of patients treated with HAART in several hospitals in Spain.
MATERIALS AND METHODS
Study design. GESIDA (Grupo de Estudio del SIDA) 11/99 was a multicenter retrospective study of consecutive patients who had AIDS-related PML diagnosed in 11 hospitals throughout Spain. The inclusion criteria of the study were as follows: confirmed HIV infection; a diagnosis of PML based on clinical and radiological abnormalities highly suggestive of the condition (see below), with or without confirmation by brain biopsy and/or PCR detection of JCV in CSF specimens; and receipt of treatment with HAART. We considered as highly suggestive of PML those lesions appearing on CT scans as hypoattenuating zones in the white matter without contrast enhancement and no mass effect. On MRI scans, these lesions were characterized by areas of increased signal intensity on T2-weighted images and were isointense or hypointense in relation to the cortex on T1-weighted images.
The clinical record of each patient was reviewed, and the following information was obtained: demographic characteristics, such as age and sex; HIV infection-related data, such as risk group, year of diagnosis of HIV infection, previous AIDSdefining conditions, CD4 ϩ cell count, plasma HIV load, and antiretroviral therapy received before and after diagnosis of PML; and PML-related data, including symptoms and signs, date of onset of symptoms, date of diagnosis of PML, radiological manifestations, confirmation by brain biopsy and/or PCR, and therapies received other than HAART, such as therapy with cidofovir and corticosteroids. With regard to disease outcome, we measured survival after the diagnosis of PML, identified the cause of death, and classified the cause of death as related or not related to PML. Investigators at each center were asked to assess the neurologic function of survivors at the last follow-up visit, to compare it with the neurologic function at the date of diagnosis of PML, and to categorize the response as one of the following: cure (resolution of symptoms and signs of PML), improvement (reduction of symptoms and signs of PML), stabilization (no change in symptoms and signs of PML), or worsening (progression of symptoms and signs of PML).
The response to HAART was evaluated up to months 4 ‫ע‬ 2 after the initiation of treatment. We considered virological failure to be any of the following: initial decrease to !1 log copies/ mL of plasma HIV load at 4-8 weeks after initiating HAART; an increase in plasma HIV load 3 times greater or 10.5 log copies/mL with respect to the lowest value if an undetectable plasma HIV load (!500 copies/mL) was not achieved; and in patients in whom, after reaching an undetectable plasma HIV load (!500 copies/mL), the plasma HIV load once again became detectable in 2 consecutive tests. 
RESULTS
The study included a total of 118 patients, 42 of whom had PML confirmed by brain biopsy and/or PCR, and 76 of whom had PML diagnosed on the basis of clinical and radiological findings. The characteristics of our patients are listed in table 1. In summary, the median age was 36 years, the ratio of male to female patients was 4.9, approximately two-thirds of patients acquired HIV infection by injection drug use, the median CD4 ϩ cell count was 85 cells/mL, the mean plasma HIV load was 4.85 log copies/mL, and nearly one-third of the patients had previous AIDS-defining conditions.
Complaints of weakness and of gait and speech disorders were the most common symptoms reported by patients with PML, and the most common signs were limb weakness, alterations of speech, and lack of coordination (table 2). MRI was performed for 108 patients, CT was performed for 104 patients, and 96 patients underwent both. Supratentorial lesions were found in nearly 90% of the patients, and infratentorial lesions were found in two-thirds. CT was less sensitive for detection of the presence of PML lesions than was MRI, particularly for detection of infratentorial lesions (table 3) .
The median duration of symptoms before initiation of HAART was 6 weeks (interquartile range, 1-14 weeks), and the median time from PML diagnosis to initiation of HAART was 1 week (interquartile range, 3-14 weeks). In our series, 39 patients developed symptoms of PML after initiation of HAART. In 9 patients, the disease developed in the context of therapeutic failure with HAART; this was usually the result of poor adherence to treatment ( ). In these patients, the n p 6 median time from initiation of HAART to the clinical onset of disease was 30 weeks.
In a further 10 patients, the disease probably occurred as an immune reconstitution syndrome, because, at the time of clinical manifestations, the patients had increased CD4 ϩ cell counts and/or reduced HIV loads. In 2 of these patients, MRI with gadolinium enhancement revealed PML lesions. The median time between initiation of HAART and clinical onset of disease in these patients was 6 weeks (minimum, 3 weeks; maximum, 13 weeks). Finally, in 20 patients, the development of PML could not be attributed to immune reconstitution or therapeutic failure. Cidofovir therapy was administered to 44 (37.3%) of 118 patients in accordance with standard recommendations for treatment and management of cytomegalovirus retinitis [10] . The median number of doses was 5 (interquartile range, 3-11 doses). Differences in baseline characteristics were not found between patients treated or not treated with cidofovir, with the exception that the proportion of biopsy-and/or PCRconfirmed cases of PML was higher among patients treated with cidofovir (77.3% vs. 56.8%;
). Corticosteroid P p .029 therapy for treatment or prevention of brain inflammatory reactions was administered to 8 patients. The dosage was 1 mg/ kg of prednisone per day for 2 weeks, with the dosage tapered over a period of 8 weeks.
Seventy-five patients (63.6%; 95% CI, 54.1%-72.1%) remained alive for a median of 114 weeks (2.2 years) after the diagnosis of PML. There were 36 related deaths (30.5%; 95% CI, 22.5%-39.8%) that occurred a median of 12 weeks after the diagnosis of PML. Aspirative pneumonia was the direct cause of death in most of the cases. Seven patients died as a result of conditions not related to PML, including liver failure ( ), heart failure ( ), acute leukemia ( ), renal n p 2 n p 1 n p 1 failure ( ), sepsis ( ), and cerebrovascular disease n p 1 n p 1 ( ). n p 1
We estimated the cumulative probability of survival after the diagnosis of PML using the Kaplan-Meier method. The followup was censored at 30 June 2000. The median survival time was not reached, and the mean survival time was 209 weeks. Neurologic function in survivors was categorized as cure or improvement in 33 (44%) of 75 patients and as stabilization or worsening in 40 patients (53%). In 2 patients, it could not be evaluated.
The results of univariate analysis of variables associated with mortality in patients with PML treated with HAART are shown in counts of у100 cells/mL. The cumulative probability of survival categorized by baseline CD4 ϩ cell count is shown in figure 1 ; the mean survival time was 235 weeks for patients with a CD4 ϩ cell count of у100 cells/mL and 177 weeks for patients with a CD4 ϩ cell count of !100 cells/mL ( , by log-rank test). P p .0085
DISCUSSION
In this large study, we found that approximately one-third of patients with PML died despite receiving HAART, and that related deaths occurred soon after the diagnosis of PML and were caused by aspirative pneumonia in most cases. We also found that neurologic function improved in approximately one-half of the survivors. The baseline CD4 ϩ cell count was the only variable found to have prognostic significance. The OR of death was 2.71 for patients with a CD4 ϩ cell count of !100 cells/mL, compared with patients who had a CD4 ϩ cell count of у100 cells/mL. Before the HAART era, the prognosis of PML was dismal; patients deteriorated progressively and died a median of 4-6 months after diagnosis, although, exceptionally, some experienced prolonged survival with recovery of neurologic function and improvement of radiographic abnormalities [1] . Soon after the widespread use of HAART, small series and isolated case reports described patients with PML who had long durations of survival and clinical recovery [11] [12] [13] . Thereafter, several case series showed prolonged survival for patients with PML who were treated with HAART, compared with untreated historic controls [4] [5] [6] [7] [14] [15] [16] . However, wide differences in the mortality rate (8.33%-39.5%) were observed in the aforementioned studies. The rate of mortality attributable to PML in our study (30.5%) is probably a good estimation, given the large size of our cohort, and it could be taken as a reference for future work.
We found that the neurologic function at the last follow-up visit improved in comparison with baseline in approximately one-half of the survivors. We believe that this is an important finding, because contradictory results have been published regarding the effect of HAART on neurologic function. Some studies reported clinical improvement in a sizable number of patients [4, 5] , whereas others found no clinical improvement among survivors [9] . HAART has also been found to have an effect on PML lesions visible on radiographic images, with reduction in the size of active PML lesions, normally accompanied by residual changes and retraction of the cortex and the ventricular system [4] . Nevertheless, the design of our study precluded any conclusion about the effect of HAART on radiographic abnormalities of PML. As has been mentioned, PML has a significant mortality rate. Consequently, it is very important to identify risk factors for mortality. We were able to identify the CD4 ϩ cell count as the only baseline variable with prognostic significance and establish a clearly different prognosis in groups of patients with CD4 ϩ cell counts higher or lower than 100 cells/mL. Age, sex, risk group, previous AIDS-defining conditions, time from onset of PML to initiation of HAART, confirmation by brain biopsy and/or PCR, and localization of PML lesions and response to HAART were not associated with death. , by log-rank test). P p .0085
Very few of our patients were studied with quantitative PCR for JCV, so we could not assess the prognostic value of JCV burden in the CSF, although other authors have found an inverse correlation between JCV load values in the CSF and the clinical outcome of patients with PML [17] [18] [19] [20] [21] . In a subgroup of patients from one of the institutions participating in the GESIDA 11/99 study, an inverse correlation between survival time and the JCV load in CSF was also found; this has been reported elsewhere [22] . This correlation was supported by the significant differences in survival found for patients with a JCV load of 14.68 log, compared with that found for patients with a JCV load of !4.68 log [22] .
In our series, 39 patients developed PML after the initiation of HAART. In 9 of these patients, PML appeared in the context of a failing regimen. In 10 patients, the disease was probably brought out by HAART as an immune reconstitution syndrome, a phenomenon that has been previously described [23] . For the remaining 20 patients, the best explanation for the development of PML after the initiation of HAART may be a delay in restoration of immune function. It is well known that patients with very low CD4 ϩ cell counts who initiate therapy can develop AIDS-defining events, particularly during the first 2 months of treatment [24] . Currently, there is no specific therapy for PML. Cidofovir, a nucleotide analog with in vitro activity against cytomegalovirus and other herpesvirus, has been found to be the most selective antipolyomavirus agent in vitro [25] . Several clinical anecdotes [26] [27] [28] [29] , a case-control study [30] , and a multicenter observational study [31] have evaluated cidofovir for PML, with good results. In contrast, in a prospective nonrandomized pilot study, cidofovir did not prolong survival in patients with PML beyond what has been reported without this antiviral drug [32] . In our study, we did not find better survival rates among cidofovirtreated patients. In any case, no solid recommendation can be made about the use of cidofovir therapy for PML because no randomized, controlled study with an adequate size of cohorts has been performed.
In conclusion, we found that one-third of patients with PML died despite receiving HAART and that neurologic function improved in approximately one-half of the survivors. A CD4 ϩ cell count of !100 cells/mL was associated with a higher mortality rate. 
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